Introduction
Acetaldehyde (CH 3 CHO) is a molecule of astrophysical interest. It has been first detected in Sgr B 2 from centimeter-wave observations [1] , This detection was confirmed many times, both in Sgr B 2 [2] [3] [4] and in Ori A [5] . In fact acetaldehyde seems to be relatively abundant in interstellar space, and it is a light molecule with strong transitions. So it promises to be an important tool for probing nonequilibrium population distribution processes, and many more of its transitions could be detected at millimeter and submillimeter wavelengths.
Since acetaldehyde is one of the simplest molecules with an internal degree of freedom, many ab initio SCF calculations have been made on this molecule [6] . Experimentally the internal rotation of the methyl group has been very extensively studied by far infrared [7] [8] [9] and microwave [10] [11] [12] [13] [14] [15] [16] [17] spectroscopy. The most complete microwave study was that of Bauder and Giinthard [12] who analyzed the rotational spectrum in its ground state and in several torsionally excited states using three different models including one with structure relaxation. Parallely Bauder and coll. published an extensive review of the existing microwave data [13] . The electric dipole moment was recently remeasured with a good accuracy: = 2.537(4) D and /u h = 1.062(5) D [14] , Its orientation could also be determined from the quadratic Stark effect thanks to the fact that this molecule is nonrigid [15] . A r s strucReprint requests to Dr. J. Demaison, U.E.R. de Physique Fondamentale, P5, Universite de Lille I, F-59655 Villeneuve d'Ascq Cedex (France).
ture was determined by Nösberger and coll. [16] and a r z structure by Iijima and Tsuchiya [17] , However despite this body of work, only low J transitions have been assigned so far. It is due to the facts that the molecule is light (A = 57 GHz, B =10 GHz and C=9GHz) and therefore most transitions are in the millimeter-wave range and that the potential is low (reduced barrier s = 4 V 3 /9F = 23.5), so the splittings are large and difficult to calculate. A large number of transitions of acetaldehyde still have to be observed in the laboratory or accurately predicted to make easier the identification of radioastronomical spectra.
For these reasons we have measured the millimeter wave spectra of acetaldehyde and carried out a complete centrifugal distortion and internal rotation analysis so that accurate measurements and predictions would be available for the radioastronomers.
Experimental
The sample of acetaldehyde was purchased commercially from Fluka AG (Buchs, Switzerland) and was used without further purification.
The transitions between 120 GHz and 300 GHz were measured with a computer-controlled spectrometer with superheterodyne detection. It can either be source-modulated and tuned over a wide range of fixed frequency steps while the phasedemodulated signal is being plotted or it can be operated as a video spectrometer over a small scan which is controlled by a signal averager which accumulates the signal and calculates the line fre- [18] . Above 300 GHz the lines were measured with a somewhat different sourcemodulated spectrometer. The harmonic generation scheme is the same as for the superheterodyne spectrometer: phase-stabilized klystrons (OKI or Varian 50-80 GHz) supply a harmonic generator (Custom Microwave) with fundamental power. The submillimeter power is optically focused through a free-space absorption cell (1 m length) and detected by a Helium-cooled InSb bolometer. After phasesensitive detection the signal is digitally averaged and processed by a microcomputer in the usual way.
All spectra were measured at room temperature and at pressures below lOmTorr. The accuracy of the measurements is between 30 kHz and 100 kHz. The measured internal rotation doublets are given in Table 1 . The frequencies under 120 GHz were taken from Bauder and coll. [13] . Two more recent low frequency measurements were found in Schrepp and Dreizler [19] . Table 2 lists additional experimental frequencies which were not included into the fit because only one component of the doublet could be measured.
Analysis
The identification was quite straightforward, earlier work provided predictions about approximate frequencies, K doublings and A-E splittings. A least-squares program based on the Internal Axis Method (IAM) was used to calculate the molecular parameters from the observed doublets of Table 1 . The basic theory of the IAM for one top molecules is well known [20, 21] . The torsional Hamiltonian H ir is first set up in its own internal axes system (rho representation) and diagonalized numerically for each K value and the eigenvectors are stored to calculate the torsional integrals. The rotational Hamiltonian H rr is set up in the rho representation (using the exact torsional integrals) and added to the diagonal matrix of H ir . The quartic and sextic centrifugal distortion terms are defined in the principal axis system (representation I r ), transformed to the internal axis system and added to the Hamiltonian. The matrix elements of H rr offdiagonal in v are removed by a Van Vleck transformation. And finally the 27+1 by 2J + 1 Hamiltonian matrix is diagonalized numerically. Basis function exp / a (3 A: + a) with k ranging from -10 to + 10 and a Van Vleck transformation up to v = 4 were sufficient to obtain stable results within a few kHz. Equal weights were given to the A-type and E-type lines. The resulting parameters are given in Table 3 , together with their standard deviations and their correlation coefficients. The differences between observed and calculated frequencies are listed in Table 1 . All the parameters are well determined, including / a which is of the right order of magnitude [22] , although the correlation between V 3 , and / a is great, as usual. On the other hand, the correlations between the three internal rotation parameters and Bauder [23] and de Lucia and coll. [24] have shown that much smaller residual deviations may be obtained if the A-and E-type lines are fitted independently. The differences between the derived parameters of the two symmetry species are due to the effects of the centrifugal distortion on the internal rotation which are completely neglected in the semi-rigid model employed. This procedure should provide more accurate predictions of frequencies. We have tried this method, the internal rotation parameters being kept fixed at the values derived from the fit of the splittings. The results are given in Table 4 together with a conventional centrifugal distortion analysis of the A-lines. To derive the effective parameters the Hamiltonian of Watson (Eq. (68) of [25] ) was used. The results are given for the representation V in the A reduction. It is obvious that the fit of the A-lines to the centrifugal distortion Hamiltonian of Watson is the worst one because many more parameters are needed and however the rms deviation remains very high: 1583 kHz. On the other hand, the separate fits of the two symmetry states to the internal rotation Hamiltonian give nice results: ct a = 130 kHz and a E = 245 kHz and, as expected, the derived constants are significantly different for each symmetry species. This method seems indeed to be best one to accurately predict a spectrum, although in the present case the improvement is not very important.
Finally it may be noted that our value for the barrier to internal rotation is in reasonable agree- ment with the previous experimental determinations and ab initio predictions [26] . Moreover the relatively simple semi-rigid model was sufficient to analyze the spectrum of acetaldehyd which is a low barrier molecule.
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